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Abstract 
 
Visible red (655 nm) laser fluorescence (LF) devices have potential use for identifying 
deposits of subgingival calculus on the root surfaces of teeth during dental examination and 
treatment, however the performance of commercially available LF systems has not been 
examined in detail. This laboratory study explored the correlation between LF digital 
readings and the surface area and volume of subgingival calculus deposits on teeth. A 
collection of 30 extracted human posterior teeth with various levels of subgingival deposits of 
calculus across 240 sites were used in a clinical simulation, with silicone impression material 
used to replicate periodontal soft tissues. The teeth were scored by two examiners using three 
LF systems (DIAGNOdent, DIAGNOdent Pen and KEY3). The silicone was removed and 
the teeth removed for photography at 20X magnification under white or ultraviolet light. The 
surface area, thickness and volume were calculated, and both linear least squares regression 
and non-linear (Spearman’s rank method) correlation coefficients determined. Visible red LF 
digital readings showed better correlation to calculus volume than to surface area. Overall, 
the best performance was found for the KEY3 system (Spearman coefficient 0.59), compared 
to the classic DIAGNOdent (0.56) and the DIAGNOdent pen (0.49). These results indicate 
that visible red LF systems vary somewhat in performance, but all can provide a useful 
estimation of the volume of subgingival calculus present on teeth.  
 
 
Key words: Fluorescence Intensity, Laser Fluorescence, Subgingival Calculus, 
DIAGNOdent, Periodontics  
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Introduction 
In dentistry, effective periodontal therapy relies upon effective removal of deposits from the 
crowns and root surfaces of teeth. Subgingival deposits of calculus provide a reservoir for 
bacteria, and so must be removed during treatment [1, 2]. Because they are hidden from view, 
dental practitioners rely on tactile examination of the roots of teeth using a periodontal probe 
[3, 4], checking for areas of roughness. This method is prone to false negatives (from 
burnished calculus which appears smooth to the touch) and to false positives (from 
instrument-induced irregularities on the root surface), leading to overtreatment or inadequate 
treatment, respectively.   
To assist dental practitioners in detecting deposits of subgingival calculus, a number 
of novel methods have been developed, including visible red light (655 nm)-induced 
fluorescence (LF) [5, 6]. This approach has been used in three systems from the one 
manufacturer (Kavo, Biberach, Germany) – the “classic” DIAGNOdent, the DIAGNOdent 
pen, and the KEY3 laser. The latter is a combined detection and treatment system.  In each 
system, near infrared fluorescence emissions from bacterial products are collected using rigid 
sapphire tips which are placed inside periodontal pockets and slid along the root surfaces of 
teeth. The collected fluorescence emissions are passed through a high-pass filter to remove 
reflected light and ambient light (>680 nm). The intensity is quantified to give a score on a 0-
99 scale. It is not known how this intensity score relates to the amount (volume or surface 
area) of the subgingival calculus deposits which are present.  
In making an assessment of how LF scores correlate to the presence of calculus, the 
existing indices, such as the Volpe Manhold index, the calculus index, the calculus surface 
index, and others, which have been used in clinical investigations 
1-3
 are not suitable as they 
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have limited accuracy and reliability [9], and cannot be utilised for scoring subgingival 
calculus deposits which are hidden by their very nature [10-11].  
 
Accordingly, the present study was undertaken to explore how LF digital readings 
relate to the parameters (volume and surface area) of subgingival calculus. To form a 
comprehensive view, both reflectance and ultraviolet reflectance methods were employed.  
 
Materials and methods 
 
Calculus standards for white light reflectance 
For calibration purposes, a series of seven pieces of subgingival calculus were used. 
Because subgingival deposits of calculus vary in colour, seven different calculus samples 
were taken from the roots from a collection of 400 extracted teeth to represent a range of 
colours. The thickness of each piece was measured four times at four different locations to 
the nearest 0.1 mm with a precision dial micrometer (StanHope-Seta, Surrey England). The 
pieces were then attached to a sheet of white paper using trace amounts of dental modelling 
wax, and photographed under both white and UV light using X20 magnification using an 
Olympus U-PMTVC stereo microscope fitted with a beam splitter and a 3.3 megapixel digital 
camera (Coolpix 995, Nikon, Tokyo, Japan) with video output to a high resolution Sony 18 
inch display.  
For reflectance imaging under white light, a quartz tungsten halogen lamp was used. 
Photography was undertaken in a darkroom with no daylight present.  A ruler was 
incorporated in each image to provide a scale so that linear measurements could later be 
made. A second image was then taken under ultraviolet light. The rationale for this procedure 
is based on the work of Stübel in 1911 which demonstrated that a tooth root irradiated by UV 
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light will fluoresce an intense blue colour [12]. For UV imaging, the halogen light source was 
replaced with a low pressure mercury vapour lamp (Zoom!, Discus Dental), and further 
images recorded. The characteristic emissions of ultraviolet light from the Zoom! lamp were 
checked using a spectrometer against a laboratory reference low pressure mercury lamp. 
From the white light images, the surface area of each calculus standard was computed 
using Image J (part of NIH image software), and the volume calculated as using the mean 
height X surface area. The volume data were then plotted against the Integrated Density (ID) 
(the sum of the grey scale values). The ID parameter calculation tool used within NIH image 
was the same one normally used to quantify bands in electrophoresis gels and blots. This 
method assumes that the background is lighter (has lower pixel values) than the object being 
measured and is very uniform. 
The steps used to determine area and volume are summarized in Table 1 for both the 
sets of standards and the unknowns (extracted teeth). 
 
Calculus standards for ultraviolet reflectance 
For calibration purposes using this method, 12 sets of different calculus samples were 
prepared, with 3 to 5 pieces in each set. Each set had similar calculus colour characteristics. 
The mean height was calculated by taking thickness measurements. The calculus pieces were 
then mounted using trace amounts of cyanoacrylate cement onto smooth dentine regions of 
professionally cleaned root surfaces of teeth, so that the pieces could be photographed in a 
realistic position, with no cement visible. The volume for each of the standards was 
calculated from the mean height and surface area measurements. 
 
Model Preparation  
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A total of 30 extracted human posterior teeth (18 molars, 12 premolars) were obtained 
with the approval of the institutional ethics committee, from patients undergoing forceps 
extraction in the dental school exodontia clinic. The teeth were cleaned with toothbrush under 
tap water, and stored in water with 0.1% thymol until mounted. All caries and restorations 
were removed, then the apical third of each tooth root was mounted into one of three stone 
casts (made from non-fluorescent dental stone) formed using a mold so that they could later 
be inserted into a Frasaco phantom head. Each model had 10 teeth (4 premolars and 6 
molars). The coronal 10-15 mm of each root was left uncovered. To eliminate the possibility 
of boundary effects from reflection or absorption of light, the interface of the stone and the 
most apical exposed 2 mm region of each root was debrided using an ultrasonic scaler to 
remove any traces of subgingival deposits of calculus. This area was excluded from 
subsequent analysis.  
After application of a non-fluorescing separator containing water and carboxymethyl 
cellulose (Oralube artificial saliva), the middle and coronal thirds of the roots were covered 
with Monet Clearbite2, a non-fluorescing medium bodied silicone impression material 
(Fig.1). It was confirmed in a preliminary experiment that this material transmitted visible red 
light and did not give a reading using the DIAGNOdent. Once set, this material was trimmed 
with a No. 15 surgical blade to approximate the anatomical contours of gingival tissue. The 
prepared casts were then soaked in water to ensure maximum hydration of the teeth. The 
silicone impression material remained in place throughout the LF and tactile examinations so 
that there was no opportunity for the examiners to visualize the root surfaces, but it was 
removed at the end of the study so that the final assessments of surface area and volume 
could be made.  
 
Assessment of root surfaces in a clinical simulation 
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The models with the mounted teeth were fixed into the phantom head, the flexible 
face mask applied, and the head positioned in the normal supine operating position at the 
level of the clinician’s elbow (Fig. 2). With the aid of a conventional halogen dental 
operating light, two operators (Operator 1 - a fifth year dental student; Operator 2 -  a 
graduate student with 2 years general dental practice experience) scored each tooth at 8 points 
using a model 2095 “Classic” DIAGNOdent (LF device) fitted with a sapphire periodontal 
probe (Perio Probe tip, Cat. 1.004.1640, KaVo), then with a DIAGNOdent pen (model 2190) 
fitted with a periodontal sapphire tip, and finally with a KEY-3 laser (model 1243) fitted with 
a long sapphire prismatic tip in a model 2061 handpiece. Each system was calibrated daily 
using ceramic standards, in strict accordance with the manufacturer’s instructions. All LF 
tactile readings were recorded separately so that there was no knowledge of previous 
examination results when using each system.    
 
Direct imaging of root surfaces using white light 
The teeth were removed from the typodont models and the root surfaces examined 
using magnification in the same manner as the standards, under either white or ultraviolet 
light. During photography, a ruler and the seven standard samples of calculus were included 
in each image together with the tooth root. A total of 8 images per tooth were taken, to align 
to the clinical simulation LF measurements. The image colour was inverted by Image J 
software, and the outline of the subgingival calculus deposits used to compute the surface 
area (mm
2
). The calculus volume (mm
3
) was determined by interpolation from the Integrated 
Density regression line of the seven standards. For the 100 root surface sites found to have 
calculus present, the non-linear Spearman method was used to assess correlations between LF 
readings and either surface area or volume using the KEY3 laser and Operator 2. 
  
Direct imaging of root surfaces using UV light 
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Teeth were photographed using the ZOOM UV lamp in darkroom conditions. Under 
these conditions, clean (calculus-free) root surfaces show a moss green or cornflower blue 
colour, whereas calculus deposits appear dark. Adobe Photoshop 6.0 software was used to 
calculate the volume of calculus by using luminosity data (grey value), since under the UV 
illumination used, calculus appeared as a dark opaque material, with a background luminosity 
close to zero. As the background was eliminated, the Integrated Density (ID) was calculated 
by multiplying the number of pixels (N) by the red luminosity. The volume was determined 
by interpolation from set of standards, choosing the reference curve from the selection of 12 
curves according to the best colour match between the unknown and the standards. The 
appropriate curve of ID versus volume was then used to determine the volume. Finally, LF 
readings were then subjected to linear regression, plotting these against surface area and 
volume using the least squares method, as well as to non-linear correlation, for both operators 
and for all three LF systems.  
 
Results 
 
Under white light, there was a strong linear correlation between ID and calculus 
volume for the seven different samples used (R=0.93 and R
2
=0.87), with a line of best fit (y = 
0.0039x - 0.0319) which intercepted the axis near the origin (Fig. 3). 
When using white light reflectance, the non-linear Spearman method found that both 
area and volume were positively correlated to LF scores. In this method, the calculus volume 
showed a higher spearman’s rank correlation coefficient +0.51 with LF readings than did the 
surface area (+ 0.36), when using the KEY3 system. 
For ultraviolet reflectance, there was a positive correlation of LF readings from all 
three systems with the best correlation being for calculus volume rather than area, for the 
KEY3 system versus other systems, and when a non-linear model was used rather than a 
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linear model (Table 2, Fig. 4). Both the linear and the non-linear correlation coefficients were 
slightly higher for operator 1 than operator 2.   
 
Discussion 
In periodontal therapy, a major challenge to the clinician is the effective removal of 
all deposits of subgingival calculus. Because existing diagnostic methods using tactile 
examination of the root surface are prone to false negatives, clinicians can easily miss areas 
of calculus which have been burnished by instruments. While it has been suggested that laser-
induced fluorescence may assist in detecting residual deposits of calculus, it is not known 
how the readings gained from such instruments relates to the amount (volume or surface area) 
of the subgingival calculus deposits which are present. The results of the present study 
address this gap in knowledge. LF technology for calculus detection will be of benefit for 
conservative periodontal therapy undertaken by dentists or dental hygienists, since these 
clinicians will be able to check root surfaces which have been debrided, to ensure that the 
endpoint has been achieved – namely that all deposits of calculus have been removed, 
regardless of whether hand curettes, ultrasonic scalers, potassium-titanyl-phosphate, Er:YAG 
or  Er,Cr:YSGG lasers have been used.  This is an important consideration because less 
experienced general dentists and dental hygienists are not as effective at producing calculus-
free surfaces in periodontal pockets as experienced specialist periodontists [13]. With 
increasing use of lasers in debriding root surfaces or enhancing the effects provided by 
conventional periodontal instruments [14-16], it is important that quality assurance measures 
such as LF are deployed into clinical periodontal practice. 
The results of this study indicate that numerical readings from commercially available 
dental LF systems correlate more strongly with the volume of calculus deposits than with 
their surface area. This would be expected based on the distribution of fluorescing molecules 
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within the material. This fact, which has now been confirmed by using a clinically relevant 
simulation, is relevant to clinicians undertaking debridement who are attempting to check the 
progress of their work to find a suitable end point.  
The better correlation found between LF and calculus volume using non-linear 
correlation models suggests that complex relationships may be operating in terms of the 
numerical scores calculated within the instruments. Despite having the same manufacturer, it 
appears that one LF system, the KEY3, gives a better match to calculus parameters than 
either the DIAGNOdent Pen or the “classic” DIAGNOdent. These differences could be due 
to the different internal signal amplification, but could also arise from the different design of 
the optical tip. The KEY3 uses a chisel design with two facets on the sapphire tip, one of 
which slides along the root surface during use, whereas both the DIAGNOdent Pen and the 
“classic” DIAGNOdent use  cylindrical sapphire tips which are walked across the root 
surface in the same way that a stainless steel periodontal probe is used. Further studies could 
explore the effect of tip design as well as variations in instrument calibration or performance.  
In an earlier study, Buchalla et al (2004) could not demonstrate a correlation between 
the thickness of calculus and the fluorescence signal intensity [17]. This could be explained 
by the high optical density (darkness) of some types of calculus, which inhibits the 
penetration and transmission of the excitation or emission wavelengths. In very dark deposits, 
the strong absorption of light may mean that fluorescence is generated mainly from the 
outermost layers. The variations in colour which occur in subgingival calculus reflect the 
bacterial composition of the subgingival biofilm (which contains pigment producing bacteria) 
and the degree of incorporation of blood components from gingival crevicular fluid. 
A possible limitation of the current study is that a synthetic material was used to 
replicate the gingival soft tissues. Being a clear material this transmitted the excitation 
wavelengths well, as would be the case for gingival soft tissues where strong transmission of 
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visible red wavelengths would also have been expected. This material could be considered to 
possess somewhat different physical characteristics from human gingiva in terms of 
flexibility and elasticity. A further issue was the use of operators with different levels of 
clinical experience. There was a small level of variation between operators, with operator 1 
showing the better performance by a small margin. This operator was the second one to 
examine the roots, which raises the possibility that the examination process per se may have 
dislodged some small areas of calculus.  
 
Conclusions 
The results of study provide confidence regarding the performance of LF devices, 
with its findings of positive correlations to the volume and surface area of deposits of 
calculus on the root surface of teeth. The LF approach may be of value to provide clinicians 
with an endpoint when they are undertaking periodontal debridement, so that they can be 
more confident that the root surfaces have been effectively rendered free of subgingival 
calculus.  
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Periodontal Res 39: 327-332. 
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Table 1. Method for determination of volume 
____________________________________________________________________ 
          White light          Ultraviolet light 
   Standard     Unknown    Standard    Unknown 
____________________________________________________________________ 
Measure thickness    1   -  1  - 
Photograph     2   1  2  1 
Measure area     3       2  3  2 
Measure ID     4   3  4  3 
Thickness X Area    5   -  5  - 
Select standard set    -   -  -  4 
Interpolate volume    -   4  -  5 
_______________________________________________________________    
The table summarizes the steps used for the standards and the unknowns to determine the 
volume.
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Table 2. Correlation of LF readings with calculus area and volume using UV reflectance   
Table 1 
Linear Correlation 
Coefficient 
Non-linear Spearman's 
Rank Correlation 
Coefficient 
Surface Area Volume Surface Area Volume 
 
DIAGNOdent +0.35 +0.38 +0.38 +0.44 
DIAGNOdent Pen +0.22 +0.28 +0.32 +0.45 
KEY3 +0.19 +0.41 +0.37 +0.58 
 
DIAGNOdent +0.45 +0.52 +0.47 +0.56 
DIAGNOdent Pen +0.3 +0.4 +0.44 +0.49 
KEY3 +0.48 +0.59 +0.5 +0.59 
 
Data are based on 100 sites scored by two operators (Upper data = Operator 2; lower data = 
Operator 1).  
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Fig. 1. Prepared model with natural teeth 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
17 
 
 
 
 
 
Fig. 2. Typodont model mounted into a phantom head for scoring. This example shows the 
“Classic” DIAGNOdent being used with a periodontal tip. 
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Fig.3. Calculus volume (in cubic mm) versus Integrated Density for 7 standard calculus samples, 
showing the line of best fit. 
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Fig.4. Calculus volume versus LF for KEY 3 and Operator 1, showing the line of best fit. 
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Response to Reviewers’ comments  LIMS 1345R1 
 
 
Dear Dr Nouri 
 
This letter accompanies our revised paper version 2 “Surface area and volume 
determination of subgingival calculus using laser fluorescence” for Lasers in 
Medical Science. 
 
Our response to the second review by the referees is below. The changes have 
been shown in yellow highlights in the text of the revised paper. 
 
We thank the referees for their helpful suggestions, and hope that the paper can 
now be accepted for publication. 
 
Sincerely 
 
 
Dr Fardad Shakibaie and Professor Laurence J Walsh 
 
 
************************************************************************************* 
 
Reviewer #4: It is a very well designed and written study, so i suggest publication, but i have 
one important question for the authors. 
 
Do you believe this new advanced diagnostic tool may really be helpful for the non-surgical 
(surgical) treatment of periodontitis?  
And if yes, how?   
 
I really do not understand how this new diagnostic tool can be useful for therapy. It cannot 
really modify the strategies for periodontal treatment. Non-surgical (surgical) periodontal 
treatment does not change after the correct quantification of the surface area/volume of 
subgingival calculus. You simply have to remove the subgingival calculus during non-surgical 
(surgical) periodontal treatment. 
We are not talking about an improvement in the diagnosis/anatomical description of 
periodontal defects such as intrabony defects, or periodontal pockets: that improvement may 
really be useful for the periodontologist as it could guide/modify the strategies for periodontal 
treatment. The correct diagnosis of the surface area and volume of subgingival calculus is 
something that in some way can be helpful, mainly for the dental hygyenist, but i do not believe 
*Response to Reviewer Comments
that significant improvements in the non-surgical (surgical) treatment of periodontitis can be 
introduced with this advanced diagnostic tool.  
Please discuss this key point at the end of your Discussion session, in a separate/appropriate 
paragraph, after the sentence related to the limitations of this study (you have already 
introduced it in the first revision).  
 
We have added the following paragraph to the start of the discussion to explain clearly this 
point. 
 
In periodontal therapy, a major challenge to the clinician is the effective removal of all 
deposits of subgingival calculus. Because existing diagnostic methods using tactile examination 
of the root surface are prone to false negatives, clinicians can easily miss areas of calculus 
which have been burnished by instruments. While it has been suggested that laser-induced 
fluorescence may assist in detecting residual deposits of calculus, it is not known how the 
readings gained from such instruments relates to the amount (volume or surface area) of the 
subgingival calculus deposits which are present. The results of the present study address this 
gap in knowledge. LF technology for calculus detection will be of benefit for conservative 
periodontal therapy undertaken by dentists or dental hygienists, since these clinicians will be 
able to check root surfaces which have been debrided, to ensure that the endpoint has been 
achieved – namely that all deposits of calculus have been removed, regardless of whether 
hand curettes, ultrasonic scalers, potassium-titanyl-phosphate, Er:YAG or  Er,Cr:YSGG lasers 
have been used.  This is an important consideration because less experienced general dentists 
and dental hygienists are not as effective at producing calculus-free surfaces in periodontal 
pockets as experienced specialist periodontists [13]. With increasing use of lasers in debriding 
root surfaces or enhancing the effects provided by conventional periodontal instruments [14-
16], it is important that quality assurance measures such as LF are deployed into clinical 
periodontal practice. 
 
We have also added a section to the conclusions: 
 
The LF approach may be of value to provide clinicians with an endpoint when they are 
undertaking periodontal debridement, so that they can be more confident that the root 
surfaces have been effectively rendered free of subgingival calculus. 
 
In addition, i see there is only 1 reference taken from Lasers in Medical Science. I suggest you to 
introduce at least another reference taken from Lasers in Medical Science.  
 
We have included 4 new references, 3 of which are from LIMS. 
 
1. Jepsen S, Deschner J, Braun A, Schwarz F, Eberhard J (2011) Calculus removal and 
the prevention of its formation. Periodontol 2000 55: 167-188. 
2. Romeo U, Palaia G, Botti R, Leone V, Rocca JP, Polimeni A (2010) Non-surgical 
periodontal therapy assisted by potassium-titanyl-phosphate laser: a pilot study. 
Lasers Med Sci 25: 891-899. 
3. Hakki SS, Berk G, Dundar N, Saglam M, Berk N (2010) Effects of root planing 
procedures with hand instrument or erbium, chromium:yttrium-scandium-gallium-
garnet laser irradiation on the root surfaces: a comparative scanning electron 
microscopy study. Lasers Med Sci 25: 345-353. 
4. Kelbauskiene S, Baseviciene N, Goharkhay K, Moritz A, Machiulskiene V (2011) 
One-year clinical results of Er,Cr:YSGG laser application in addition to scaling and 
root planing in patients with early to moderate periodontitis. Lasers Med Sci 26: 
445-452. 
 
 
